question. We test whether players use the optimal banking strategy. To do so, we study the banking behavior of 693 contestants. First, we try to find some general patterns in that behavior. Second, we test whether contestants use the strategy that maximizes total prize money. Third, we investigate how contestants' behavior systematically deviates from that strategy. Our results suggest that, different from what an increasing body of literature in psychology and economics suggests, 1 contestants do not suffer from overconfidence. Rather, they merely try to convince others that they have a high ability.
TV game shows form an ideal laboratory to study decision-making. The rules of the game are well-defined, and the stakes are often substantial. A number of papers have analyzed the behavior of contestants on game shows, for instance Berk et al. (1996) , Gertner (1993) , Metrick (1995) , and Beetsma and Schotman (2001) . The show The Weakest Link that we study has also attracted attention. Both Levitt (2004) and Antonovics et al. (2005) use data from the voting stage of this game to test theories of discrimination. Février and Linnemer (2006) study equilibrium selection in the final stage of the game.
The remainder of this article is structured as follows. In Sect. 2, we give a full description of The Weakest Link: the set-up, the decisions contestants have to make, and other relevant issues. Section 3 gives some descriptive statistics of the episodes we study. In Sect. 4, we investigate contestants' banking behavior. We show that, on aggregate, the contestants' propensity to bank follows some simple and intuitive comparative statics: contestants are more likely to bank when questions are more difficult to answer, when the amount at stake is higher, and when they have less general knowledge.
In Sect. 5, we test whether contestants use the banking strategy that maximizes total prize money. We show that an extremely simple decision rule could already have done better on average. To get a handle on exactly how much better contestants could have done by using the optimal strategy, we use a computer algorithm in Sect. 6. We find that, first, contestants could have increased their earnings by at least 17% and, second, that the intuitive comparative statics we found in Sect. 4 are not a part of the optimal strategy.
Using our algorithm, we set out to study in Sect. 7 to what extent contestants' behavior differs from the optimal strategy. We find that during the first seven rounds of the show, in an overwhelming majority of cases, contestants make 'wrong' decisions by banking too late, rather than too early. In round 8, this picture changes and we observe an overwhelming majority of cases where contestants bank too early rather than too late. Yet, as we will argue, in round 8, contestants have no reason to try to convince the others of their general knowledge, whereas in the first seven rounds they do have such an incentive. We thus conclude that, on average, contestants of The Weakest Link bank later than they should in an attempt to try to convince the other players that they are more knowledgeable than they really are. In other words, contestants try to signal to the other players that they are confident about their general knowledge. Yet, contestants do not suffer from overconfidence: they do realize that they are not as good as they suggest to be. We argue that this mechanism may also be applicable to other situations that are of economic interest. In any situation where an individual is evaluated based on his perceived quality, he may be inclined to take decisions that are too risky, in the sense that they are the optimal choices of an individual of higher quality. We give some examples in Sect. 8, which also concludes.
The game
The Weakest Link is a daily game show that has been broadcast by the British public television network BBC since August 2000. It has rapidly become one of the most popular game shows in the UK. Local versions of The Weakest Link are (or were) shown in dozens of countries, most of them with virtually the same set of rules as the UK version. Part of the success must be attributed to the unorthodox attitude of the quizmaster. Instead of showing empathy and support, (s)he berates the contestants throughout the show by giving sarcastic comments on their supposedly non-existent intelligence and personal traits such as an odd hairstyle.
The show starts with nine contestants of whom only one will take home any prize money. 2 In every round, the contestants receive trivia questions. The players stand in a semi-circle around the quizmaster. Each contestant receives one question at a time, moving in clockwise order. A correct answer yields a 'link' in a 'prize chain', beginning at zero and climbing to £1,000 in nine increments, as shown in Fig. 1 . Whenever a player gives a wrong answer, the chain is broken and all money on the chain is lost. Questions are not more difficult to answer when the amount of money on the chain is higher.
However, it is not necessary to reach £1,000 on the chain to secure winnings and add to the prize money. Just before a contestant receives a question, he has the option to 'bank' the money on the chain by saying the word 'bank'. The amount on the chain at that time is then added to the prize money, and the chain drops back to zero. After banking, the contestant still has to answer a question. Of course, if the amount of money on the chain is zero, there effectively is no banking decision to be made.
A round ends when time has run out. Any money on the chain that has not been banked before the end of the round is lost. The first round lasts 3 min. Each subsequent round lasts 10 s shorter than the preceding one up to round 7. In round 8, the two remaining contestants have 90 s. A round may end before time is up when a total of £1,000 is banked. 3 As an example, consider the following chain of events in the first round. The first contestant is posed a question and gives the correct answer. If contestant 2 banks, an amount of £20 is secured. The chain moves back to 0. Now contestant 2 receives a question. She answers correctly as well. Contestant 3 does not bank and gives the correct answer. The chain has then moved to £50. Contestant 4 does not bank and gives the wrong answer. The chain drops back to zero, and the money on the chain is lost. Contestants 5 and 6 do not bank, but do give the correct answer, moving the £20 £800 £600 £450 £300 £200 £100 £50 £1000 £0 Fig. 1 The prize chain chain back to £50. Contestant 7 banks, adding the £50 to the secured money, which now stands at £70. At the end of a round, the amount of money secured in that round is added to the total prize money of the show.
After each round, except round 8, the team gets rid of one player through a voting procedure. The person with the largest number of votes receives one more sneer from the host and is then sent home with the infamous words "You are the weakest link. Goodbye!" In case of a tie, the person who answered the most questions correctly in that particular round-the "strongest link"-casts the deciding vote, which may be different from her original choice. The idea of the voting procedure is that contestants should vote for the player they think is the worst among those remaining. This player would be least likely to contribute much to the prize money.
Evidently, the voting procedure may induce strategic behavior. In round 7, for example, with only three players left, there is a strong incentive for the two weaker players to vote off the strongest link, giving them a greater chance of winning the final. Yet, the trade-off is that prize money in the final round may be higher if the strongest player is still in the game. To try to weaken this incentive for strategic voting, the amount banked by the two players is trebled in round 8.
Each episode ends with the final, in which the two surviving contestants play against each other head to head. The host alternately asks each contestant five questions. In case of a tie after both players have answered five questions, more questions are posed to determine who wins. The winner takes home the prize money accrued during the eight rounds. The loser leaves with nothing.
Descriptive statistics
For this article, we watched 77 episodes of The Weakest Link, originally broadcast on weekdays by the BBC in the period December 2000 through May 2001, 4 relatively early in the show's history. For every episode, we recorded all voting decisions in every round and for every question posed, the identity of the player answering, the amount of time left on the clock just before a question was posed, whether the question was answered correctly, and the banking decision. Table 1 gives some descriptive statistics of our data set.
The probability of a correct answer is defined as the total number of correct answers divided by the total number of questions. The propensity to bank is defined as the number of actual banks divided by the number of times contestants could have banked (i.e., the number of correct answers). Thus, on average, contestants bank in 29% of all pos- Average number of correct answers at bank 2.14 sible cases. The "average number of correct answers at a bank" equals the average number of steps up the chain when a bank occurs. Thus, on average, there is a chain of 2.14 correct answers when a contestant banks. Note that the average time of 6.92 s per question is very short: during this time span contestants not only have to listen to and answer their question, but also have to make a banking decision. Moreover, they need to keep track of the performance of their opponents. All of these, plus the fear of a ruthless putdown by the host of the show in case of failure, imply that contestants are subject to considerable stress. This will have an effect on their performance, both in answering the questions, and in making banking and voting decisions. Table 2 gives some additional statistics, broken up to individual rounds. As the show progresses, it becomes more difficult to answer a question correctly. This may be because the questions themselves become more difficult, 5 or because players are increasingly affected by stress and fatigue. For our analysis, this is immaterial. In round 1, contestants managed to bank the maximum amount of £1000 in 17 episodes. In round 2, this happened in three episodes. 6 In later rounds, there are no such cases.
This article focuses on the banking decision, which is a non-trivial optimization problem. A strategy of always banking late (i.e., if the amount on the chain is high) has the potential of yielding high winnings, but also implies the risk of losing a substantial amount of money if a wrong answer is given. A strategy of always banking early implies that only little money will be earned per bank. Also, there is an option value to Occurrences of 1000 banked 17 3 0 0 0 0 0 0 banking late: doing so not only increases the amount of money currently on the chain, but also allows contestants to reach even higher amounts on that chain. Ultimately, the expected earnings of a single contestant in The Weakest Link depend on the knowledge of all contestants, and on their banking and voting decisions. We assume that the goal of a contestant on the show is to maximize these expected earnings. 7 It is conceivable that voting decisions are based on banking decisions of the other players. Contestants may be more likely to vote for someone whom they feel to use a non-optimal banking strategy. If this is the case, then banking decisions will be chosen not only to maximize expected earnings, but also to influence voting decisions of others, and hence to stay in the game. As our working hypothesis, we assume that this is not the case. Thus, we assume that banking decisions are taken solely with the aim to maximize expected earnings. Effectively, we assume that contestants take their banking decisions as a group, since their objectives are perfectly aligned. Given that the ultimate winner will take home all of the winnings and everyone has a positive probability of being that winner, it is in each player's interest that total prize money is as high as possible.
An analysis of contestants' behavior
We now take a closer look at the contestants' banking behavior. We show that, at least on aggregate, candidates behave according to the following intuitively appealing rules: Note that the first result makes intuitive sense: if the amount of money at stake is higher, the amount of money lost if a wrong answer is given, is higher as well. Also, if the probability of a correct answer is lower, the probability that the money is lost will be higher, so one could expect the number of banks to increase. The probability of a correct answer depends on two factors: the difficulty of the question, and the general knowledge of the contestant. Therefore, one could expect the number of banks to increase when questions are more difficult, and when a contestant has less general knowledge.
In Table 2 , we saw that, over rounds, questions become more difficult to answer. Hence, we expect that the propensity to bank at a given amount on the chain, is higher in later rounds. Table 3 gives a breakdown of the propensities to bank, conditional on both the round and the amount of money on the chain. For example, the top-left entry indicates that there was a bank in 5.1% of all the cases where the chain was at £20 in round 1. In the table, we have only included cells with at least 30 observations.
Conditional on the round, contestants do indeed bank more often when the amount on the chain is higher. In every single row, the propensity to bank is increasing with the amount of money at stake. Also, conditional on the amount of money on the chain, the probability of banking is almost always higher for later rounds. This establishes (a) and (b).
Given the limited number of questions many contestants receive, it is impossible to assess the state of knowledge of all contestants in our sample. However, (c) does imply that people that do not bank, are on average more knowledgeable. If this is true, we should have that ceteris paribus, there are less correct answers after a decision to bank, than there are after a decision not to bank. Table 4 shows the relationship at the round level. Every column first gives the number of cases of a bank in that round, and then the number of cases of a no-bank, where a bank would have been possible. Next, the probabilities of a correct answer conditional on a bank and a no-bank are given. The last row tests for the statistical significance of the difference between the two probabilities, using a χ 2 test. It reports the p value on the null hypothesis of no difference.
In every single round, the probability of giving a correct answer is higher after a no-bank, which supports (c). Yet, using a χ 2 test, we find that the difference is significant at the 10% level only in rounds 2, 3, 6, and 7. In a test for the joint significance of the eight individual test statistics, we find a p value of 0.060. We have also tested our hypothesis on a more disaggregated level: conditional on both the round and 123 we find a relation that is significant at the 5% level. This establishes (c).
A benchmark strategy
In the previous section, we established some comparative statics with respect to contestants' banking behavior. In this section, we go one step further, and test whether contestants use the banking strategy that maximizes expected total prize money. To do so, we choose an indirect approach. Suppose that the contestants in a show always use an extremely naive strategy, by always banking in round i if and only if some amount x i is on the chain. Clearly, this cannot be the optimal strategy. Players then do not use any information on their own knowledge, successes in earlier rounds, etc. However, if we are able to show that following such a strategy yields higher prize money than what contestants actually achieve on the show, we have unambiguously established that the strategy they use on aggregate, does not maximize expected winnings. But this is indeed the case. We find the following 9
Result 2. Total prize money could have been substantially higher on average by using the following benchmark strategy:
(a) bank at £200 during the first four rounds, (b) bank at £20 during the last four rounds, (c) bank at every opportunity during the last 15 s of any round. Table 5 gives a summary of the relative performance of the benchmark strategy. We report on the money earned by contestants, and the money they could have earned using the benchmark strategy. The fourth row gives the number of shows in which the benchmark strategy does strictly better, the fifth row the number in which it does equally well, and the final row the number of shows in which it does strictly worse. Overall, using the benchmark strategy would have lead to a higher amount of prize money in 59 out of 77 shows. On average, our strategy would have earned the contestants £2,555, an improvement of 9% over their actual performance. 10 One could object to our methodology by arguing that we use the benefit of hindsight in determining the best naive strategy ex post. Yet, we do not believe that such a criticism is valid. First, players on the show are able to use more information than we can in deriving our benchmark strategy, such as cues with respect to the general knowledge of their competitors, information of their performance in previous rounds, etc. Second, suppose we split our sample in two subsamples of roughly equal size. If we then use the same methodology to derive a benchmark strategy solely based on the observations in the first subsample, we arrive at the same benchmark strategy as mentioned above. Using that benchmark strategy, we can then improve upon contestants' earnings in the second subsample. In that sense, our methodology thus also improves earnings out-of-sample. Third, note that contestants have very little time to determine their banking strategy during a round. Hence, they could save time by deciding in advance to follow a very simple strategy, like the one we discuss here. This strengthens our results.
A simulation of the optimal banking strategy

Methodology
In the previous section, we established that contestants do not use the optimal (i.e., prize-money maximizing) banking strategy. In this section we present an algorithm that allows us to derive the optimal strategy, under some simplifying assumptions. We use that algorithm to obtain further insight into the difference between actual and potential winnings, and, more importantly, to analyze how contestants' banking behavior deviates from optimal banking behavior.
Our algorithm proceeds as follows. Suppose that in some round, contestants will receive T questions. For simplicity, suppose that this value is given and known in advance. Assume that there still is time to bank after the last question has been answered. Questions are numbered t = 1,…,T . At any point, the state of the chain is denoted by s and the amount of money secured so far in this round is denoted by k. Thus, at any point, s is the number of uninterrupted correct answers that has been given before a contestant receives his question, and k is the amount of money that has already been secured in this round. We thus have s ∈ {1, . . . , T } ≡ S, and k ∈ {20, 40, 50, 60, 70, . . . , 1000} ≡ K . The amount that is added to the total when the contestant banks, is denoted B(s). Thus B(1) = 20, B(2) = 50,… and B(s) = 1000 for s ≥ 9. The ability of the player that receives question t is denoted p t . This is the a priori probability that this contestant will know the correct answer to a question in that round.
The optimal strategy is solved using backward induction. First, consider question T . We can calculate the expected amount of money that will ultimately be won in this round if this contestant banks. That amount depends on the amount of money k secured in this round, the current state of the chain s, and the ability of the current player p T . We denote this expected amount as V B (T, k, s, p T ) . Similarly, the expected prize money that will ultimately be won in this round if the contestant does not bank, is denoted
The first expression can be understood as follows. If this player banks, the total amount of money secured in this round moves from k to k + B(s), provided that this amount does not exceed 1000. If she gives a wrong answer, which happens with probability 1 -p T , then this also equals total prize money in this round. If she gives a correct answer, which happens with probability p T , there will be a final opportunity to bank after her answer, and the round total is k + B(s) + B(1), again provided that this does not exceed 1000. Now suppose this contestant does not bank. If she gives a correct answer, which happens with probability p T , total prize money in this round will then be k + B(s + 1), provided this does not exceed 1000. Otherwise, the total for this round will simply be k, hence (2). Conditional on the contestant making the optimal decision, the expected payoff can be denoted
where we write V B as a function of all abilities, which we denote as p={ p 1 , . . . , p T }. This can be understood as follows. By banking, the amount of money secured increases to k + B(s), provided this does not exceed 1000. The final contestant thus faces an amount of money secured in this round equal to min{k + B(s), 1000}. With probability p T −1 , contestant T − 1 gives a correct answer, so the final contestant faces a state of the chain that equals 1. Otherwise, the final contestant faces a state of 0. Now suppose contestant T − 1 does not bank. The final contestant then faces an amount of money secured in this round that equals k. With probability p T −1 , contestant T − 1 gives the correct answer, so the final contestant faces a state of the chain of s + 1. Otherwise, contestant T − 1 gives the wrong answer, so the final contestant faces state 0. Hence,
If contestant T makes the optimal banking decision, we have
Similar relations hold for any question t with 1 ≤ t < T . We thus have the following recursive system:
This system can be solved for any vector of known abilities p. 11 Given such an ability vector, Eqs. (1)-(3) can be used to calculate V (T, k, s,p) for all possible states (k, s), and given the ability vector p. Given that matrix, the matrices V (t, k, s,p) can then be calculated using the system (4)-(6), for all t < T and again for all possible states (k, s). Hence, at any point in time, given the amount of money on the chain, the amount of money already secured, and the ability of all the contestants, this algorithm uses backward induction to determine whether or not it is an optimal strategy for the current contestant to bank. Of course, this does assume that all future contestants will bank optimally as well.
Our algorithm now proceeds as follows. First, we determine whether the answer of the first contestant is correct. We then move to the second player. If the first answer was correct, the second contestant uses the algorithm above to determine whether or not to bank, by comparing V B (2, 0, 1, p) and V N (2, 0, 1, p). We then determine the answer of this second contestant. Suppose she did not bank and gives a correct answer. The third contestant then compares V B (3, 0, 2, p) and V N (3, 0, 2, p) in deciding whether to bank. If the second contestant did bank and gave the correct answer, the relevant comparison is that between V B (3, 20, 1, p) and V N (3, 20, 1, p) . If the second contestant did not bank and did not give the correct answer, the comparison is that between V B (3, 0, 0, p) and V N (3, 0, 0, p) . We then determine the answer of this third contestant. This process continues until the last question is posed, or the contestants have managed to bank £1000. For our simulation, we simply use the observed string of correct and wrong answers from our dataset, in the way that it occurded in the round and the show that we are simulating.
In the next subsection, we compare the expected earnings derived from our algorithm with the earnings of the contestants in our dataset. That analysis will also serve as a starting point for our analysis in Sect. 7, where we investigate the extent to which the contestants' behavior differs from the optimal banking strategy.
Comparing optimal strategy and contestants' performance
In this subsection, we compare the contestants' behavior with that prescribed by our algorithm. To do so, we need an estimate of the individual abilities of the contestants, which we use as an input for the algorithm. Denote the probability that player i gives a correct answer in round j of show k as p i jk , with i ∈ {1, . . . , 9}, j ∈ {1, . . . , 8}, and k ∈ {1, . . . , 77}. In our algorithm, we could use different abilities for each contestant in each round of each show, letting the p i jk s differ over i, j, and k. Yet, it is impossible to obtain a reliable estimate for all those p i jk s. Therefore, we assume that the abilities of all contestants within a round in a given show are equal, but that these abilities differ between shows, thus p i jk = p · jk , for all i, j, k. Also, we assume that these abilities are equal to the observed fraction of correct answers in that show in that round.
We thus perform the following exercise. First, we look at round 1 in show 1. We calculate the fraction of correct answers in that round. Then, we run our algorithm, setting abilities of all players equal to that fraction, setting the number of questions equal to the observed number of questions, and using the observed sequence of correct and incorrect answers. 12 We repeat the analysis with round 2 of show 1, and with all other rounds in all other shows as well. This exercise yields for each round in each show the true winnings, and the winnings according to our algorithm. Finally, we compare the averages of these amounts over all shows. Table 6 summarizes our findings. We report the performance of the contestants in the show (the column labeled 'Cont'), and the relative improvement of the simulated optimal strategy against the actual contestants' performance. The results suggest that, by using the optimal banking strategy, contestants could on average have improved upon total winnings by 17%. Admittedly, by deriving this result, we do assume that players are able to correctly estimate the average ability of all contestants. We also made the simplifying assumption that, within a given round in a given show, all contestants have the same ability. In the real world, of course, abilities do differ. Therefore, we have also investigated the effect of increased heterogeneity in abilities.
To do so, we kept the average abilities in a given round in a given show constant, but increased the variance of those abilities. 13 In these simulations, we do not use the actual answers, as we did above, but rather simulated answers: for each question posed to contestant t, we draw a random number from a uniform distribution between 0 and 1. If this random number is less than or equal to p t , then this represents a correct answer. In our simulations, we find that average earnings increase as the variance in contestants' abilities increases. This suggests that the results we report in Table 6 are a lower bound on the true increase in average earnings when using the optimal strategy. We thus have Result 3. By using the optimal banking strategy, contestants could have increased their total prize money by at least 17% on average.
The propensity to bank
To gain further understanding of the optimal banking strategy, we look at the propensities to bank in different scenarios. To do so, we looked at a large number of simulations, again with simulated answers. We report the results in Table 7 .
The column headings report the average ability p AV of players in a simulation. Actual abilities are taken to be evenly distributed on of the simulations. Consider, for example, the entry (0.60, 0.10). For this case, we performed 10,000 simulations with the following parameters: the number of contestants equals 7, the number of questions equals 24, and the abilities of players are evenly distributed on the interval [0.50, 0.70] . In these simulations, we observe a propensity to bank at 20 that equals 0.598. Hence, out of all the possibilities of banking at 20 in our simulations, we observe an actual bank in 59.8% of the cases. Some patterns are worth mentioning. First, when abilities increase (or, equivalently, as questions become easier to answer), we see that in most rows and for most values of the amount of money on the chain, the propensity to bank decreases. This is also what we observe in the behavior of contestants. Second, the observed propensities to bank at 50 are virtually always lower than those at 20, different from part (c) of result 1. This is due to two effects.
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First, consider a case in which abilities of contestants are relatively high. In that case, simulated contestants initially always bank at 200. However, once an amount of 800 has been reached, or when the end of the round draws near, they switch to a strategy of always banking at 20. Intuitively, this can be understood as follows. There is an option value of not banking: not only does the money chain reach a higher amount with a correct answer, but there also is the possibility of reaching even higher amounts. This option value is lower if the amount of money secured is relatively high, and if the number of remaining questions is low. In those cases, contestants have more of an incentive to bank already at lower amounts. This implies that, for the aggregate data, we find a high propensity to bank at 20 and at 200, and a much lower propensity to bank at intermediate amounts.
The second reason why banking at 50 is observed less often in the simulations than banking at 20, is related to the way the money chain is designed. It is possible to show that, in a case where all contestants have the same ability, rounds go on indefinitely, and contestants use the banking strategy that maximizes their expected return per question, banking at 50 or banking at 100 is never an optimal strategy, regardless of the common ability that we assume. 14 This effect is still discernible in the simulation data, where the end-of-round and high-chain effects are taken into account.
Arguably, we therefore have that the propensity to bank at 50 and at 100 should be lower than the propensity to bank at 20. Note, however, that this is not what we observe in our real-world data. There, the observed propensities to bank are monotonely increasing in the amount of money on the chain, as we observed in Sect. 4. Apparently, contestants use an intuitively appealing rule that nevertheless is arguably not a part of an optimal strategy. We have thus established the following:
Result 4. Consistently using a higher propensity to bank when the amount of money on the chain is higher, is not a part of the strategy that maximizes expected total prize money.
Do contestants bank too early or too late?
We have established that contestants in The Weakest Link do not use the banking strategy that maximizes total prize money. If they would do so, they could increase their earnings by at least 17%. We have thus established that contestants bank in the 'wrong' manner. Yet, we do not know exactly in which way they are 'wrong'. In other words, do contestants bank 'too early' or do they bank 'too late'? In this section, we try to answer that question. Banking too late would suggest that contestants are either risk-loving or overconfident, in that they overestimate their ability of giving a correct answer. Banking too early would suggest that contestants are either risk-averse or underconfident.
We perform the following analysis. For every single banking decision in our dataset, we use our algorithm to derive the optimal banking decision, given the amount of money on the chain, the amount of money secured, the number of questions that remain, and our assumption that ability of all contestants in a given round in a given show are equal. Then, we compare our optimal banking decision with the decision taken by the contestant. This allows us to classify every single banking decision into one of four categories: correct banks (the contestant banks, and this is also the optimal strategy), incorrect banks (the contestant banks, but the optimal strategy is not to bank), correct non-banks, and incorrect non-banks. The results are given in Table 8 . The column labeled CB gives the overall number of correct banks in round 1 in our 77 14 Details are available upon request. shows, the column IB gives the number of incorrect banks, and CN and IN the number of correct and incorrect non-banks, respectively. Consider a case where, according to our simulation, a contestant should have banked. If, in such a case, the contestant did not bank, then we can interpret this as a bank that is 'too late': the contestant should have banked already, but did not do so yet. Similarly, if there should be no bank, but the contestant did bank, then we have a bank that is 'too early': the contestant should not have banked yet, but did do so already. We define the fraction of overbanks as #IB/(#IB + #CN). It equals the fraction of cases where contestants make the wrong decision, and the right decision is not to bank. The fraction of underbanks is the fraction of cases where contestants make the wrong decision, and the right decision is to bank: #IN/(#IN + #CB). Column 6 in Table 8 gives the fraction of overbanks in each round, column 7 the fraction of underbanks, and column 8 the ratio of underbanks to overbanks.
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Note that in rounds 1 through 7, the fraction of underbanks is overwhelmingly higher than the fraction of overbanks. In round 1, the difference is by a ratio of more than 3:1. This ratio monotonically decreases until round 7, where it is still 3:2. Yet, in round 8, the picture dramatically changes. The fraction of overbanks is now double the fraction of underbanks. We thus have the following: Hence, in the first seven rounds, contestants often do not bank yet, when the optimal strategy prescribes that they should. In round 8, this changes entirely. Contestants now become much too conservative in banking. It is hard to believe that this is due to a sudden shift from risk-loving to risk-aversion. Yet, it is equally hard to believe that there is a sudden shift from overconfidence to underconfidence. Note however that round 8 is a round in which the two remaining contestants merely play in order to increase total winnings. After round 8, there is no voting stage. This suggests that contestants deliberately bank too late in earlier rounds, in an apparent attempt to convince their competitors that they are confident in their ability, and fearing that banking earlier would signal lower ability and hence a higher probability of being voted off. In round 8, when signaling is no longer necessary, contestants bank far too early on average. This is inconsistent with overconfidence. It thus suggests that, indeed, signaling is the only explanation for underbanking in the earlier rounds.
A signaling explanation would also suggest that as contestants have better information about each other's abilities, it becomes less of a necessity to try to convince the other players of one's own ability. Hence, one would then expect the relative number of underbanks to decrease as the show progresses. This is exactly what we find.
An increasing body of literature in psychology and economics suggests that people are overconfident when evaluating their own abilities (see e.g., Camerer and Lovallo 1999 or Nöth and Weber 2003) . Bénabou and Tirole (2002) argue that rational agents have an incentive to build self-confidence. One of the three reasons they list is that self-confidence has a signaling value: "[…] believing oneself to be of high ability […] makes it easier to convince others that one does have such qualities" (p. 877). Interestingly, contestants on The Weakest Link also seem to try to convince others that they are of high ability. Yet, our results suggest that they do not really believe themselves to be of such high ability, since they do switch to overbanking in round 8. Camerer and Lovallo (1999) predict that "in hierarchical tournaments where "winners" at one level advance to the next level […] overconfidence will get stronger and stronger as people advance." (p. 316) We find that the opposite is true: as contestants advance, the number of underbanks relative to overbanks decreases which, if anything, suggests a decrease in overconfidence.
Note that the attempt to try to convince other players that one's ability is higher than it really is, does not necessarily have an effect on the other players' perception of this contestant's ability. Indeed, rational players will take these incentives to signal into account and discount them accordingly (see e.g., Mailath 1987) . For the contestants, such signaling is then a prisoners' dilemma: they would all be better off if they could commit not to signal in this manner.
Conclusion
In this article, we studied the BBC game show The Weakest Link as a field experiment in decision making. We used the banking decision in that game, where a contestant chooses whether to secure a certain amount of money for her team, or to risk that money on a general knowledge question. In the latter case, should the contestant give the correct answer, the amount of money available increases substantially. We tested to what extent contestants make the optimal banking decision.
We established the following results. Contestants on this show are more likely to bank when the amount of money at stake is higher, when questions are more difficult to answer, and when a player has more general knowledge. These are simple rules that seem to make intuitive sense. Yet, we also showed that a strategy that maximizes the winner's expected earnings will not yield such a simple monotone relation between the amount of money at stake and the propensity to bank. Thus, although contestants seem to obey such rules when making their banking decision, some of these rules do violate the optimal strategy.
We also showed that, as a group, contestants do not use the optimal banking strategy, i.e. the banking strategy that maximizes expected total prize money. Using a computer algorithm to derive the true optimal banking, we found that players' average winnings could have been at least 17% higher or £397 for the ultimate winner. This is just a lower bound. We assumed players in a given round in a given show to be of equal ability. An increase in the variance of those abilities further increases expected average prize money.
In the first seven rounds, contestants systematically bank too late. The fraction of underbanks is far higher than the fraction of overbanks. Yet, the ratio between the two decreases over time. In round 8, after which no voting decisions are made, this picture changes entirely. The fraction of overbanks now is far higher than the fraction of underbanks. These observations seem consistent with the following story. Contestants deliberately bank too late, in an attempt to try to convince the other players that they are confident in their ability to do well on the show. This incentive becomes less prominent as the show progresses and contestants learn more about each other's abilities. In round 8, after which there is no voting decision, risk aversion becomes the dominant consideration, leading contestants to over-rather than to underbank. Our results suggest that contestants do not suffer from overconfidence. Yet, they do try to convince others that they are better than they really are.
The mechanism we identified in this article may also be present in other situations with uncertainty regarding agents' capabilities. Consider for example the case of a young economist who considers a suitable outlet for his work. First suppose that his department (and/or potential future employers) will only be able to observe his actual publication record. The choice of journal will then be a trade-off between the probability of acceptance and the quality of the journal. The interests of the economist and his department are perfectly aligned. But now consider the case in which the department can also observe where this economist submits his paper. In that case, he will be inclined to send his paper to a better journal than he otherwise would, in an attempt to signal that his quality is higher than it really is. The frequent rejections that will result are suboptimal for the department as a whole. Again, just as we observed in The Weakest Link, even though the incentives of the individual and the group seem perfectly aligned, the desire to signal leads to a decision that is riskier than the first-best solution.
As a final example, consider a firm that consists of a number of departments. The manager of each department proposes and implements a risky project. The probability that a project is successful, depends on the unobservable quality of a manager. The remuneration and career opportunities of a manager implicitly depend on his perceived ability. When the executive board can only observe whether or not a project is successful, the interests of the firm as a whole and each individual manager are perfectly aligned, and the manager will choose the project that maximizes expected profits. But when the executive board can also observe the projects that are implemented, a manager will be inclined to implement a riskier project than he otherwise would, in an attempt to signal that his quality is higher than it really is. Also in this case, even though the incentives of the individual and the group are perfectly aligned, the desire to signal leads to a decision that is more risky than the first-best solution. We have formalized this idea in Haan et al. (2008) .
On the basis of our analysis, it is hard to judge whether contestants on The Weakest Link behave rationally. On the one hand, they fail spectacularly to use the banking strategy that maximizes total expected prize money. But on the other hand, our analysis suggests that this may at least partly be due to the fact that they deliberately bank too late, which may well be an equilibrium strategy in a signaling game where contestants sacrifice prize money to try to convince other players that they have a high ability to answer general knowledge questions.
